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Motivation
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Polarizabilities are staple quantities of hadron structure: they
measure the “stiffness” of a hadron immersed in a background
electromagnetic field

)
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Motivation
(o] Jelele]

Polarizabilities are staple quantities of hadron structure: they
measure the “stiffness” of a hadron immersed in a background
electromagnetic field
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A description of this low-energy hadron structure from QCD is
desirable.
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Motivation
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comparison of experiment and phenomenological prediction

pion
two-loop ChPT prediction experimental determination
U.Burgi; NPB 479(1996), PLB 377(1996) YM.Antipov etal; PLB 121(1983), Z.Phys. C 26 (1985)
). Gasser etal.; NPB 745 (2006)
of =2440.5 o =—f7, =68+14+1.2
Br=-21+05 assumed (of = =53
nucleon
Polarizability Proton Neutron
a[10~* fm®) 11.9+1.4 125+ 1.7  €— measured
B0~ fm?] 1.2+0.9 27418
41 [107% fm] 1.140.25 3.740.4
72 [10~4 fm*] 1.5+0.36 -0.1£0.5 <—— expected
73 [107* fm?] 0.2+0.24 0.4%£0.5 (theoretical
y4 [107* fm?] 3.9+0.11 2.9+0.35 disagreements)
7 [10-4 m?] 387418 58.6 4+ 4.0
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Motivation
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@ Compass at CERN will measure pion and kaon
polarizabilites through Primakoff process

@ Compton MAX-lab (Lund) will extract neutron EM
polarizabilities from Compton scattering on deuterium

@ HIyS TUNL will make high precision measurements of
proton and neutron electromagnetic and spin polarizabilites
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Motivation
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Chiral non-analytic physics:

£ _ 8ars Lo+ Lio

Qg 7 m. LO xPT
2

ozﬁ:’ = 5105;27;%‘ nlﬁ + A-contributions NLO xPT (leading loop)
,BN = M. g * + A-contributions NLO xPT (leading loop)

5 384rnf2 m, X 8 oop

2
1

VB = 2015 O + A-contributions  NLO xPT (leading loop)

T 19272f2 m2

time varying £-field
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Background Electric Field
[ Jolelele}

For sufficiently low energy (w << m;), a spin 1/2 baryon has
the effective Hamiltonian

(B — QA

Her = + Q¢ — %47? (QE‘Z + ﬁB?

VEE T - E X E +ymm, & - B X B+ ym,E,0iEiBj + e, MZU/‘B/]E/)

where

1
2
VEIEy =~ — )3 YMMy = Y4
YE\M, = V3 YME, = V2 + Vs

1
&= = (Vi&+ V&) Bj = > (ViBj + V,B))

For specific choices of A, one can isolate the various (spin)
polarizabilites
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Background Electric Field
0Oe000

For our calculation, we want Euclidean action which respects
periodic boundary conditions (hyper-torus)

oI [ A xmiFu P _ i [ dYxug(Eh—55)
o [ a*Xe g FuvFu — o [ d*xe5(E2+5%)
In this way, the U(1) gauge links are given by a phase

U,(x) = e/aqAu(x)

Consequences:
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Background Electric Field
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On a compact torus, not all values of the field strength are
allowed:

Ay

0=0=90,+d, A =TL, — A

exp{—ig€A>} = exp {igEA}
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Background Electric Field
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On a compact torus, not all values of the field strength are
allowed:

Ay

10

O:¢:¢1+¢2 A1:TL27A2

exp{—iq€A>} = exp {igEA}
exp{—IigEA>} = exp{iqE (TL, — A2)} — exp{igETL,} =1

27
TTL,

q€ n forn=1,2,...
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Background Electric Field
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Non-Quantized

aMeg(t)

7% Egq.(2),n=3

Quantized

7% Eq. (4), tsrc=52

osf tsrc = 52

tsrc=0
0. L L L L L 022
8 10 12 14 16 8 10 12 14 16
t/a t/a
@ nN= 3, tsrc - O o

(*)] n:3,tsr(;:52

(] n:e,tsrczsz

aMe(t) = In (CCL)

(t+1)




Hadron Correlation Functions

Lattice Calculation
00000

In free (€M) field, hadron 2-point correlation functions

lim C(t) = Zye Eo!
t—o00

C(t) =) Ze &
n

form effective mass

Meg(t) = —1In

1
d

effective mass
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Lattice Calculation
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Hadron Correlation Functions

In a background field, what do we expect the correlation
functions to look like?

JZO,QZO, ZZn —En
J:1/2,Q:0, [’5 Zzngu —En(E,p)t
J=0,Q=1; C(t,E, ) = Zz,,(g (En, £, 1)

J=1/2,Q=1; C(t,& p)= Zz,,eﬂ (En, &, i, t)
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Lattice Calculation
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Hadron Correlation Functions

Consider spin-less, relativistic particle of unit charge coupled to an
electric field

L= DILTFTDHW + mgffﬂ'TW7 D,=0,+iA,, A,=(0,0,-£t0)

integrating by parts and changing variables

1
D4:4£+5%2+5i52(H+25i),

r=t-, B2 —E2 K2

solution

mﬁﬂ:%/ ds(r', |7, 0)e™ . /2
J0

& &
/ _ _ 2 2 o !
(7', 8|7,0) =4/ 5—SThEs exp{ SSThEs [(7"* 4+ 7°) cosh s — 27 r]}
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Lattice Calculation
[e]e]e] lele]

Hadron Correlation Functions

TakeT:O,E:O:
&) = Zzn(g)e(r, £)

G(r,&) = 2/ S\ 5= 27rs|nh 53 { 57 coth&s + sme,f)}

in the weak field limit

&2 1 3 1 s 1
C(r, &) =Z(&)exp {—M(E)T ~ MEy (E(M(g)T) + Z(M(g)T) + Z(M(E)T))}
M(E) = My + 2ma€? + O(E*)

computing hadron deformations in background €M fields amounts to
spectroscopy
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Lattice Calculation
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Hadron Correlation Functions

neutron in background electric field:
— &
s= [ @it |+ E(€) - o | w00,
F. = 0,A, —8,A,,
o Fu = 2K - g, for background £-field and K = ¥4
wE)=p+p'E8 + ... anomalous magnetic coupling
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Lattice Calculation
[e]e]e]e] o]

Hadron Correlation Functions

neutron in background electric field:

S= / & x B(x) [@+E(5) ‘fﬂf’)wﬁ,,y] w(x),

Fuo = 0uA, — 0,A,,
ouvFuw = 2K - €, for background E-field and K = i,
wWE) =+ + ... anomalous magnetic coupling

with £ = £2, construct

GL(1,€) = t[P+G(1, )] = Z(€) (1 4 b ) exp [~ Eur(E)] |

2M2
1 ()22
Pi =5 [1 £ K] Eor = E(€) — g1
2 MZ
=M+ 5 (47raE 4M3)+
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Lattice Calculation
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Hadron Correlation Functions

proton in background electric field:

— &
s= [ atxita) [P+ £©) - Gl on | w0,
D, =, + iQA, 1= Q+ fi(0)
boost projected correlation functions

2"1\‘;2) D (t En(€) ¥ QE.€)

E2
2
D(t, E* €) = / ds”27rsmh Qes) exp coth(OSs)—T}

G:(1,€) = Z(€) (1 +
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Lattice Calculation
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Numerical Results

Results | am going to present are from

@ mesons:
@ proton and neutron:

To date, we have set gsea = 0 (Quenched EM)
L=25 fm

m; ~ 390 MeV

TABLE I: Propagators generated to date with our 2008-09 and 2009-10 USQCD allocations

v as agJa, am’  am®  mg;  myg | Fidd Ny x Negy| total # of
[£n] [Mev] [MeV] |Strength props(u, d, )
20% x 128 0.123 3.5 —0.0840 —0.0743 390 546 0 15 x 200 6.000
+1 15 x 200 9,000
+2 10 x 200 6,000
+3 10 x 200 6,000
+4 10 x 200 6,000
249 % 128 0.123 3.5 —0.0840 —0.0743 390 546 0 10 x 195 3,900
+1 10 x 195 5,850
+2 10 x 195 5
+3 10 x 195
+4 10 x 195
323 x 256 0.123 3.5 0.0860 —0.0743 225 467 0 7 % 106
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Lattice Calculation
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Numerical Results

effective mass
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Lattice Calculation
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Numerical Results
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Lattice Calculation
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Numerical Results

effective mass
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Lattice Calculation
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Numerical Results

7+ n=0 rtin=1

m*in=2

a Mest(1)

0 1 2

3 4

0.0691(4) 0.0702(6)

m(&)

0.0718(8)

0.0733(16) 0.0497(129)
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Numerical Results

Lattice Calculation
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Numerical Results

Lattice Calculation
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Numerical Results

Lattice Calculation
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Lattice Calculation
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Numerical Results

Neutron and Proton effective mass

o
n :: a;w‘;‘””
{

-H amao
5EEEE
/

»
5
»
»

N:n=2 N:n=2 Pn=2 Pn=2

EN = o 3o .
3 o . 3 ol 1
o a i
ta tra ta t/a
Nin=3 N:n=3 Pn=3 Pn-3
o e g e i
2 ol = =
« - « o7
oz it oz o2
ta ta
Nin=4 Pind

a Mgt
555§
a M)

E 8 g g
a Mg

£E558
aMa
55555 E




Numerical Results

Lattice Calculation
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Numerical Results
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Summary and Outlook
o
Future Prospects

In the last two years, we have established a program to compute
polarizabilites of hadrons, as well as magnetic moments of spin-1/2 baryons
utilizing background electric fields.

Several systematics we need to address
@ sea quark electric charges
@ As polarizabilites are singular in the chiral limit, they are also sensitive
to finite-volume effects

m;[MeV]

L[fm] | 450 390 300 225
25 O v O
3.0 O v O
4.0 X & &

Future:
@ utilize background magnetic fields
@ explore non-constant fields to extract nucleon spin-polarizabilites
@ explore methods to include sea-quark electromagnetic charges

A. Walker-Loud emc



	Motivation
	Background Electric Field
	Lattice Calculation
	Summary and Outlook

